Angiotensin-converting enzyme (ACE) plays an important role in postoperative cardiovascular control, especially in critical illness. Since the pulmonary endothelium is the major site of ACE production it would seem probable that surgical resection of lung tissue would significantly influence serum ACE (sACE) activity. The aim of this study was to investigate the effect of surgery on early postoperative sACE activity in patients undergoing lung resection (n = 18) and a control group of patients (n = 18) undergoing thoracotomy for other reasons. An early postoperative, sustained sACE fall without significant difference in sACE activity between the two groups was observed 6 h after the operation. Furthermore, there was no correlation between post-operative sACE variations and the amount of lung tissue resected. It appears that surgical removal of lung tissue does not significantly affect the post-operative sACE response. This may be due to the presence of important extra-pulmonary ACE-producing sites or to the compensation of the remaining pulmonary vascular endothelium.
INTRODUCTION
Angiotensin-converting enzyme (ACE) plays an important role in cardiovascular control, especially during critical illness.l-? Changes in serum ACE (sACE) activity may affect the cardiovascular status and depletion of ACE activity in serum can lead to systemic vasodilation and dysregulation of the peripheral circulation.
Serum ACE activity falls transiently as part of the hormonal response that follows major surgery.':" they are also decreased in serious illness associated with lung injury such as adult respiratory distress syndrome (ARDS) and sepsis.>? Given that the major site of sACE production is the vascular endothelium of the pulmonary rnicrocirculation.f-" the question of whether sACE activity is further influenced by surgical resection of pulmonary tissue arises. This potentially important metabolic effect of surgical lung resection has not been previously investigated.
Correspondence: University Department of Orthopaedic Surgery, Level 5, Bristol Royal Infirmary, Bristol BS2 8HW, UK. E-mail: enxiak@bath.ac.uk
212
The aim of this study was to investigate the possible effect of lung tissue resection on sACE activity during the early post-operative period. More specifically, this study aimed to answer the following questions: (a) can any significant postoperative variations in sACE activity be confirmed in both thoracotomy and lung resection groups of patients?; (b) given the importance of lung endothelium in the production of sACE, does surgical removal of lung tissue result in any differences in the post-operative variations in the sACE activity?; and (c) do post-operative variations in sACE activity relate to the amount of resected lung tissue?
PATIENTS AND METHODS
Thirty-six surgical patients allocated to two groups were included in this study. Group A comprised 18 patients (14 men and 4 women), mean (SD) age 64 (9) years, range 48 to 79 years, scheduled to undergo pneumonectomies or various lobectomies for lung non-oat-cell carcinoma, while the remaining 18 patients (II men and 7 women), mean age 5 I (20) years, range 24 
RESULTS
resected broncho-arterial segment. For all statistical analyses, a P value of 0·05 or less was considered as significant.
Means and standard errors of the mean for all sACE activity measurements in both groups are presented in Fig. 1 . An early (from the lst hour) post-operative fall in sACE activity was observed in both groups. Analysis of variance, performed using the GLM repeated measures procedure, showed a highly significant effect of the 'sampling time' factor (F= 12'08, P<O'OOI) but a non-significant effect of the 'type of operative procedure' factor (F = 1,06, P=0·383).
The t-test was used to evaluate the overall effect of sampling time in sACE activity by pairwise comparisons of the means of both groups for each time point. The results of these post hoc tests showed that a significant fall from the pre-operative sACE activity was observed at the 6th post-operative hour (P = 0,013), and sACE activity remained at the same lower levels (mean 81% of pre-operative levels, SD 25%) for the entire remaining period of the study (Fig. I) . A sACE activity fall was evident from as early as the 1st post-operative hour, but the difference from the pre-operative sACE activity did not reach a statistically significant level (P = 0,097). to 87 years, admitted for thoracotomy for other reasons (oesophagectomy, pleurectomy, decortication, pleural biopsy, diaphragmatic hernia repair) were included in group B. None of the patients in the study was receiving ACE inhibitors or any medication known to interfere with the hormonal response to surgical stress. Each patient was informed of the study and agreed to participate.
All patients underwent their surgical procedure under general anaesthesia involving formal thoracotomy and lung deflation induced by a double-lumen endotracheal tube. Venous blood samples were obtained at induction of anaesthesia (baseline measurement) and then at the Ist, 6th, and 24th post-operative hour, as well as on the 5th post-operative day. All samples were stored at -20°C until analysis.
Serum ACE activity was assayed at 37°C by the kinetic spectrophotometric method using N-3-[-(2-furyl)acryloyl]-L-phenylalanyl-glycy1glycine (FAPGG; Sigma Chemical Co., Gillingham, Dorset, UK) as a substrate. ACE mediates the cleavage of FAPGG into furyl-acryloyl-Lphenylalanine and the dipeptide glycyl-glycine. The resulting decrease in absorbance, which is directly proportional to ACE activity in the sample, was measured at a wavelength of 340 nm (Cobas-Bio'" centrifugal analyser, Roche, Basel, Switzerland). The normal reference range of the method used was 8-52 U/L. The statistical analysis tested the possible effects of the type of operation Cbetweensubjects' factor) and the blood sampling time ('within-subjects' factor) on sACE activity. Analysis of variance was performed using the general linear model (GLM) repeated measures procedure using the SPSS Advanced Statistics" 7.5 software package (SPSS Inc, Chicago, USA). After an overall F value has shown significance, post hoc t-tests were used to evaluate differences among specific means. In addition, regression analysis was used to describe any correlation between the maximum per cent reduction in post-operative sACE activity and the amount of resected lung tissue in the patients of group A. To this end, the amount of resected lung tissue in each patient was quantified according to the number of broncho-arterial segments removed. Given that the number of broncho-arterial segments is two for the right middle lobe, three for the right upper lobe, four for the left lower lobe and five for each of the right lower and left upper lobes (total: nineteen), 5·2% of the total lung tissue was considered removed with each
Karnezis
The amount of lung tissue surgically resected in group A patients ranged from 15 to 52% of the total lung tissue (mean: 34%). The maximum reduction in the post-operative sACE activity in the same group ranged from 7 to 51% of the preoperatively measured sACE activity (mean: 30%). Regression analysis showed no significant association between the amount of resected lung tissue and the maximum reduction in the postoperative sACE activity (r=0'21, P=0-46).
DISCUSSION
Angiotensin-converting enzyme is a zinc-containing metalloproteinase that is widely distributed throughout many tissues and cell types.'? Although little is known about the site and rate of ACE clearance from plasma, ACE activity in serum is thought to originate from pulmonary vascular endothelium'v'! and its primary location for angiotensin-I-to-angiotensin-II conversion is believed to be the lung.'? As ACE efficiently converts angiotensin I to angiotensin II (a potent vasoconstrictor) and it metabolizes the vasodilator bradykinin to an inactive form, the principal function of pulmonary ACE is often assumed to be vasoregulation of the systemic circulation.!"
It has been proposed that any depletion of pulmonary endothelial ACE will lead to a decreased ACE release into the bloodstream and a fall in mean sACE activity.? Furthermore, depletion of sACE leads to impaired pulmonary formation of angiotensin II and inactivation of bradykinin, both of which lead to systemic vasodilation and dysregulation of the peripheral and pulmonary circulation.l-' The hypothesis regarding the association between vasoregulation and sACE is supported by experimental data indicating positive correlation between systemic arterial blood pressure and sACE activity; experimental sepsis-induced reduction of sACE activity correlated with a decrease in systemic arterial pressure and the severity of pulmonary dysfunction.? Furthermore, there is one clinical study!' suggesting that resection of the lung and thus reduction of the size of the pulmonary vascular bed has a long-standing effect on activation of vasoactive hormones and may thus modify the cardiovascular system response to physical exercise.
Although earlier work!" failed to show any significant post-operative alterations in sACE activity, later reports of larger series showed an Ann cu« Biochem 1999: 36 obvious decrease in sACE activity following major surgery.v' In addition, sACE activity has been found to parallel the degree of surgical stress as part of the post-operative hormonal response.' A possible explanation for the fall in sACE activity following major surgery might be the increased systemic vascular permeability to plasma proteins, a part of the acute inflammatory response to injury probably mediated by interaction of activated polymorphonuclear neutrophils with the vascular endothelium, which accounts for the well-known post-operative fall in serum albumin." However, apart from alterations in sACE activity as a metabolic response to critical illness and surgery, there is no published work on the effects of the removal of lung tissue from the circulation on this parameter.
The present controlled study showed a significant decrease in sACE activity from as early as the 6th post-operative hour following lung resection. Serum ACE activity was low throughout the first post-operative day, following a similar pattern observed in the control group. This post-operative decrease in sACE activity is in close quantitative agreement with previous reports which have shown a similar decreased sACE activity following major nonthoracic surgery' and coronary bypass cardiac surgery.t-' Therefore, the sACE activity variations observed here appear to be part of the hormonal response to the surgical stress of the operation. Furthermore, with the numbers available, surgical removal of lung tissue did not result in any excessive fall in the postoperative sACE activity in addition to the sACE variations expected from an analogous operation but without removal of lung tissue. Statistical correlation further supports the validity of the last observation as post-operative variations in sACE activity did not correlate with the amount of lung tissue resected.
Although ACE is an important vasoregulative enzyme, no correlation between sACE activity and haemodynamic parameters such as the arterial blood pressure has been attempted in this study. Since a number of factors affecting the systemic arterial blood pressure (e.g., the total operative blood loss, the adequacy and timing of intra-and post-operative volume replacement, the condition of the cardiovascular system, the anaesthetic technique, etc.) cannot be controlled or accounted for in a clinical setting, an attempt to correlate those factors could have resulted in misleading conclusions.
The explanation for the observed lack of significant modification of the post-operative sACE response by lung tissue resection falls beyond the scope of this paper. However, since ACE is widespread in distribution.P:" it might be reasonable to speculate that the presence of important extra-pulmonary ACE-producing sites or compensation of the remaining pulmonary vascular endothelium might account for this observation.
